INTRODUCTION
The anemia in hereditary spherocytosis is rarely severe and almost half the patients present with other symptoms or are discovered in family surveys (1, 2) . The mild clinical course of this hemolytic anemia is supported by measurements of red cell survival which show modest reductions in life spans which are normally well within the ability of bone marrow compensation. Using the 'Cr red cell survival technique, survival halftimes (ti) of 8-19 days have been reported for hereditary spherocytes (1, [3] [4] [5] with the majority falling in the range 10-15 days (normal red cell ti is 28 days).
In contrast a rapid destruction of hereditary spherocytes in the normal circulation has been observed in other studies in which 'Cr survivals of ti of 6 days and 1.9 days have been reported (4, 6) . These results suggest Received for publication 4 September 1969 and in revised form 20 November 1969. that the low viability of hereditary spherocytes is even further reduced when these cells are transfused to normal recipients. However hereditary spherocytes are sequestered by the spleen both in affected patients and in normal recipients (3, 4) so that the actual mechanism of cell destruction is probably the same in both cases.
In this study the survival of hereditary spherocytes has been measured both in the patient and in normal compatible recipients. In all cases the hereditary spherocytes were destroyed more rapidly in the normal recipient than in the patient's own circulation. These results may be viewed as a relative failure of the patient's spleen to sequester his red cells, and the reticuloendothelial blockade has been postulated to explain this splenic inefficiency. The rate of hemolysis in patients with hereditary spherocytosis will thus depend on factors both intrinsic and extrinsic to the red cell while in contrast the survival of hereditary spherocytes in a normal recipient should reflect only the magnitude of the cell defect leading to hemolysis. This cross-survival was taken to estimate the hemolytic tendency of hereditary spherocytes and the ti values were compared with other properties of the cell such as Na' influx and osmotic fragility.
METHODS
Red cell survivals. These were carried out using the "Cr technique (7, 8) as described previously (9). Survivals were followed until the ti was reached and results were plotted on semi-log paper. All samples were counted together and the count rates were corrected for background and the hematocrit of each sample. No correction was made for elution of "Cr. When sampling at intervals of several minutes was necessary, an indwelling Cournard needle was inserted into the antecubital vein to avoid repeated venepunctures. Normal red cell survivals in seven individuals fell in the range of 26-32 days.' When survivals of spherocytes were measured in normal recipients, they were of the same ABO and Rh groups and prior compatibility was established by routine blood-bank cross-matching procedures (polyvinyl pyrrolidine, papain plus indirect Coombs 'Brodie, G., and B. G. Firkin. Personal communication.
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The Journal of Clinical Investigation Volume 49 1970 techniques in every case). The nature and risks of the crosssurvival procedure were fully explained to each potential recipient before consent was sought. The consenting recipients were hospital inpatients, both male and female aged between 21 and 78 who were convalescing after orthopedic or opthalmic treatment and were otherwise healthy and had normal hemoglobin, white cell count, and blood films.
Osmotic fragility. This was measured by standard methods (10) .
Sodium influx. Venous blood was withdrawn into heparin anticoagulant and the erythrocytes washed three times to remove white cells. A medium of composition 145 mm NaCl, 5 mm KC1, and 20 mm imidazole C1, pH 7.5, was used both for washing and incubation of cell suspensions while 10 mm glucose was routinely included in the final suspension. Sodium influx was measured from the uptake of radioactivity by cells incubated in this medium containing '2NaCl, essentially as described by Glynn (11) . Stock 'NaCl, obtained from The Radiochemical Centre, Amersham, England, was added to the incubation medium to give a specific activity of about 4000 cpm/,uEq of Na+. Ouabain (50 gM) was always included to inhibit extrusion of Na+ ions by the active cation pump. The medium was prewarmed for 10 min in a water bath at 370C and the packed washed cells rapidly added by syringe to a final hematocrit of about 15%. The suspension was incubated for 20 min at 370C with agitation, then cooled for 0;5 min at 0C and centrifuged for 1 min in the cold. The supernatant was aspirated and the cells rapidly washed three times in ice cold 0.15 M NaCl plus 20 mm imidazole Cl, pH 7.5, so as to remove extracellular radioactivity. The red cells were hemolyzed in 0.01 N NH40H, counted in a Packard automatic scintillation counter (Packard Instrument Co., Downers Grove, Ill.) and the oxyhemoglobin concentration calculated from the extinction at 540 my of an appropriate dilution of the hemolyzate. A dilution of the supernatant was also counted; and from the specific activity of extracellular Na+ and the mean corpuscular hemoglobin concentration (MCHC), the '2Na+ influx was calculated. (9) .
RESULTS
It was confirmed that hereditary spherocytes survived normally when transfused to a recipient who did not possess a spleen. Spherocytes were transfused from a donor (K. L.) before splenectomy to a recipient who had been splenectomized after past trauma and a survival ti of 37 days was obtained.
Homologous survivals. The survival of hereditary spherocytes in the circulation is influenced by two major factors, the intrinsic defect in the cell and the interaction of this cell with the spleen. Since splenic hyperplasia involving all cellular elements occurs in hereditary spherocytosis (12) , not only will reticuloendothelial activity be altered but also splenic blood flow will be increased. To eliminate any effect of abnormal splenic function or blood flow, the survival curve of hereditary spherocytes was measured in compatible recipients and the ti was taken to reflect the intrinsic hemolytic defect of the cell.
If replicates in this latter case was only fair, they represent the widest scatter of results obtained with any donor. Repeated survival times in the majority of donors with hereditary spherocytosis showed good reproducibility which justifies using the mean value of the ti in two or more normal subjects as an estimate of the intrinsic hemolytic defect of spherocytes from each donor. The sequestration of hereditary spherocytes in the spleen of these normal recipients was confirmed by external organ scanning, and spleen to liver activity ratios of 5: 1 or more after 1-2 days were not uncommon.
Mean cell age and homologous survival. It is well known that the autologous survival of hereditary spherocytes is increased to almost normal values after splenectomy (13) while the mean cell age must be correspondingly prolonged. The homologous survival of hereditary spherocytes from one patient (R. M.) was measured both before and after his splenectomy to give an indication of the effect of red cell age on cell survival in normal recipients. The survival ti of these cells was 6.0 and 6.5 days in separate recipients (mean 6 Fig. 2 where an autologous survival ti of 12.5 days compares with the mean homologous survival of 1.5 days. The most striking finding was in a patient (H. H.) whose spherocytes survived with a ti of only 12.5 min in a normal subject although the same cells showed a ti of 10 days in the patient, a 1000-fold difference in survival times (9) . Since an unimpaired reticuloendothelial function may be assumed in the normal recipients, these results suggest a relative failure of splenic destruction of spherocytes in patients with hereditary spherocytosis.
One possible explanation of this splenic inefficiency is that the rate of cell destruction is limited by the maximal catabolic activity of the spleen (14) , so that although small numbers of abnormal cells can be rapidly destroyed, the phagocytic ability of the spleen in hereditary spherocytosis is swamped by the large numbers of abnormal cells and their rate of removal is correspondingly slowed. If a limited capacity of the patient's spleen for phagocytosis of red cells is responsible for prolonging their survival relative to the normal subject then the survival of spherocytes should be similarly prolonged when they are transfused from one patient to another. This was not the case however when hereditary spherocytes from a mother were transfused into her affected son and their survival measured (Table I ). The cells were destroyed with a ti of 5.4 days and the survival curve lay between the autologous survivals (ti of 10 and 16 days for mother and son) and the survival of the spherocytes in normal recipients (mean ti of 2.7 days for both mother and son). Clearly the recipient's spleen was capable of removing the transfused spherocytes some 3-fold more rapidly than the recipient's own spherocytes (ti 16 days) despite the fact that both donor and recipient spherocytes showed the same susceptibility to destruction in a normal spleen, i.e., both showed the same "hemolytic tendency." Moreover the mother's spherocytes were removed twice as rapidly by the son's spleen as by the mother's spleen.
Although the maximum phagocytic capacity of the spleen may limit the rate of removal of spherocytes in some situations, it cannot explain the lower viability of transfused "foreign" spherocytes when mixed in the circulation with autologous spherocytes. This specificity which the spleen shows towards different spherocytes is equally difficult to explain by an altered proportion of the splenic blood flow which traverses the slow and rapid transit compartment (15) . A more likely possibility is that the specificity results from some recognition of different spherocytes by the splenic macrophage. No correlation could be obtained between in vivo survival ti and the size of the Na' leak, as measured by Na+ influx (Fig. 3) . Although there is little doubt that the Na+ leak is-an inherited defect in the red cell in this disease, the present result argues against any pathogenetic role of the Na' leak in hemolysis. Of particular interest was the finding that hereditary spherocytes with a high Na+ leak showed a relatively long in vivo survival in normal recipients. The mean ti values for four patients with the highest Na+ influxes were 5.1, 6.5, 10.2, and 12 days whereas the survivals for nearly all the other patients were less than a ti of 4 days (Fig. 3) .
Survivals and osmotic fragility. The importance of osmotic fragility in determining the viability of hereditary spherocytes has long been suspected and now has strong experimental support (6) . (Fig. 4) . Two were brothers with hereditary spherocytosis and had very high median corpuscular fragilities of 0.68 and 0.57% NaCl and dramatically shortened red cell survivals in normal recipients of ti of 12.5 and 90 min respectively (9) . In contrast another patient (E. C.) with a barely raised osmotic fragility (median corpuscular fragility 0.455% NaCl) had spher-ocytes with the longest survival yet found in a normal (ti 14 days). Although more data are required to clarify the exact relation between osmotic fragility and survival ti, there seems little doubt that high osmotic fragility of spherocytes is associated with their rapid sequestration and destruction in a normal spleen.
Osmotic fragility and Na' leak. No correlation was observed between the magnitude of the Na' influx and the median corpuscular fragility for hereditary spherocytes from nine patients, which confirms the conclusions of Bertles (18) . it seems likely that reticuloendothelial blockade of the patient's spleen makes at least some contribution. The phenomenon of reticuloendothelial blockade has been known for years and describes the depressed rate of clearance of a tracer dose of colloid after intravenous injection of a large blockading dose of colloid. This blockade is often quite specific and will only operate when the test material has the same surface characteristics as the blockading agent (19) (20) (21) . Moreover in some studies retiGuloendothelial blockade seemed to be dependent on the persistence in the circulation of the original blockading dose of colloid (20, 22) . Many studies have now demonstrated that blockade does not simply result from physical saturation of macrophages by the injected colloid. Two mechanisms of blockade have been proposed, the saturation of membrane binding sites and the depletion of plasma opsonins, and both mechanisms have support from work on experimental animals and perfused organs (23) .
Evidence for a reticuloendothelial blockade in hereditary spherocytosis is circumstantial and rests on two main lines of information. Firstly, the survival of spherocytes in vivo is always longer in the patient's circulation than in a normal compatible recipient. Although minor differences in the survival times could be explained by a different partition of splenic blood flow between slow and rapid transit compartments (15) A second finding which supports the concept of reticuloendothelial blockade is that "foreign" spherocytes, even though compatible, are cleared more rapidly than "self" spherocytes by the recipient's spleen. Intracellular digestion of red cells cannot provide sufficient specificity to distinguish between "foreign" and "self" spherocytes so the discrimination shown by the spleen towards these two different spherocytes probably resides at an extracellular level. Whether recognition of cells by the spleen involves their coating with plasma opsonins or combination with specific binding sites on the macrophage is not clear although both mechanisms seem possible in reticuloendothelial blockade (23) ..
Clearly reticuloendothelial blockade would be a favorable development in patients with hereditary spherocytosis since the severity of hemolysis is reduced with mitigation of the degree of anemia. Whether reticuloendothelial blockade occurs in other hemolytic anemias is not known although the relatively benign occurrence of homozygous sickle cell anemia in some adults implicates some unknown factor in this hemolytic process (24) . Hereditary elliptocytosis may show inexplicable variations in hemolytic rate between affected members of the same family; and since all members share the same abnormal gene, an unknown factor is again implicated in hemolysis (25, 26) .
An important finding in this study was that the magnitude of the Nat leak was, not proportional to the reduction in viability of spherocytes, as measured by the in vivo survival of these cells in normal compatible recipients so as to avoid any effects of impaired splenic function. Although the Na' leak is established as an in-herited manifestation of the underlying mutation, this result does not support the hypothesis that the Na' leak is the primary defect in this disease. It appears rather that the mutation in hereditary spherocytosis affects multiple functions of the cell membrane involved in Na' turnover, lipid stability, and cell survival and that spherocytes with the largest Na' leak tended to have not the shortest but the longest homologous survivals.
Cell shape or some other property reflected in the high osmotic fragility does seem to be a major determinant of cell survival since spherocytes with a high osmotic fragility had a short in vivo survival while one patient with a near normal osmotic fragility had a relatively long cell survival. Moreover Cooper and Jandl (6) have shown that the progressive decrease in osmotic fragility of hereditary spherocytes in the circulation of patients with obstructive jaundice is associated with a parallel increase in the survival of these cells. Numerous factors both intrinsic to the cell, such as shape and viscosity (27, 28) , and extrinsic factors which may include reticuloendothelial blockade thus seem important in determining the survival of spherocytes in the patient. The degree of anemia must depend on the balance between these factors. It is therefore not surprising that wide variations are found in the clinical severity of this disease.
